Introduction
============

The early use of coronary reperfusion therapies is one of the main factors associated with the longer survival of patients with acute ST-segment elevation myocardial infarction (STEMI). In this context, primary angioplasty (PA) is the preferred option for this purpose, if started up to 90 minutes after confirmation of the diagnosis of infarction.^[@r1],[@r2]^ Coronary stent implantation is considered the device of choice for the completion of angioplasty because its use reduces the rates of acute vessel occlusion, and the need for late surgical revascularization when compared to the procedure performed with balloon alone.^[@r3]^

However, diabetic patients diagnosed with STEMI represent a special population because of the greater difficulty of percutaneous treatment.^[@r4]^ This group shows high rates of restenosis and is associated with unfavorable clinical outcomes, even with the use of bare metal stents.^[@r1],[@r5]^ Thus, the Brazilian Society of Hemodynamics and Interventional Cardiology (SBHCI) recommends the preferential use of the drug-eluting stent in diabetics, with evidence level A and indication class II, since these devices release substances that inhibit intimal hyperplasia of the treated vessel, further reducing the chances of restenosis.^[@r1],[@r3]^

A major obstacle faced with the use of drug-eluting stents (DES) is the high cost of the device when compared to the bare metal one, in addition to the expenses with prolonged double antiplatelet therapy, which further increases its treatment cost.^[@r1],[@r6]^ However, the cost-effectiveness ratio is attractive for the incorporation of this technology when it comes to diabetic patients, since they reflect a lower budget impact by avoiding late complications and the need for future reinterventions. Thus, this device was released for use in the Brazilian Unified Health System (SUS) for the patients above mentioned in 2014, according to ordinance no. 29 of the Ministry of Health.^[@r7]^

Therefore, this study aims to evaluate the rate of DES in patients with STEMI, and in the subgroup of diabetic patients assisted in the public versus private healthcare network in Sergipe.

Methods
=======

The present analysis used data from the VICTIM Register (VIa Crucis for the Treatment of Myocardial Infarction), a study that aims to analyze and compare the access of STEMI patients to hospitals with capacity to perform angioplasty in the public and private networks of the state of Sergipe.

This is a cross-sectional study, with a quantitative approach, developed from December 2014 to March 2017. Data collection was performed in the only four hospitals in the state of Sergipe with capacity to perform AP, all located in the capital city Aracaju. Among these, only one offers service through SUS, and does not have "open door" care, which requires that the patient be referenced from another health institution to be admitted to that hospital. The other three hospitals offer private service, either through health plans or private payment.

To collect data, a study-specific tool, CRF (Case Report Form), was used; data includes information on socio-demographic conditions, onset of symptoms and clinical presentation, hospitalization data, angiographic procedure, patients' progression during hospitalization and up to 30 days after AMI. To be filled, the interview with the patient (or with the relative, when the patient had no clinical conditions) was used as source, besides the analysis of the medical record.

Patients older than 18 years, with a history consistent with AMI, electrocardiographic confirmation of the STEMI according to the defining criteria of the V Guideline of the Brazilian Society of Cardiology on the treatment of STEMI,^[@r1]^ and who signed the Free Informed Consent Term (FIC) were included. Those unable to sign had their participation authorized by a person responsible for them; the illiterate patients gave permission by fingerprint.

The following patients were excluded: those who died before the interview; who did not characterize the Via Crucis, that is, those who were hospitalized for other causes when they had STEMI; those who refused to participate in the survey; those whose acute STEMI event was characterized as reinfarction (occurring within 28 days of the incident infarction); those who had a change of diagnosis - that is, they entered the tertiary hospitals with an initial diagnosis of STEM, but after having undergone exams, another finding was observed; and those attended through a health plan in a philanthropic hospital.

This research was submitted to the Research Ethics Committee of Universidade Federal de Sergipe (UFS) and approved with CAAE no. 23392313.4.0000.5546.

Statistical analysis
--------------------

All STEMI patients, representing all the cases treated in the State, were included in the sample, since all the centers with a hemodynamic service were included in the study. To evaluate the association for categorical variables presented in absolute numbers and percentage, Pearson chi-square test was used. Continuous variables were presented by mean and standard deviation and the unpaired Student t-test was used to evaluate the means differences, and its adherence to the normal distribution was tested using Kolmogorov-Smirnov test (p\>0.05). In all hypotheses tested, the level of significance was 5% (p\<0.05). The SPSS for Windows Version 17 software was used for statistical analysis.

Results
=======

Sociodemographic profile
------------------------

A total of 707 patients were analyzed, of which 83% were attended by the public service and 17% by the private network. In both services, most patients were male (67.1% vs 71.2%, p = 0.382), with a mean age of 61.2 ± 12.2 years vs. 62.3 ± 12.2 years (p = 0.332), respectively. Ethnicity was a variable collected based on the self-declaration of the patients involved. In this context, a statistically significant difference was observed when the two services are compared, with 68.7% of the SUS patients declaring being non-whites, while 60% of the patients in the private network declared themselves to be white (p \< 0.01) ([Table 1](#t1){ref-type="table"}).

###### 

Sociodemographic profile of STEMI patients attended at Sergipe State Hospitals with capacity to perform primary angioplasty (SUS x Private care)

  Demography                  SUS (n = 589)   Private network (n = 118)   p value
  --------------------------- --------------- --------------------------- ----------
  Age, years (mean ± SD)      61.2 ± 12.2     62.3 ± 12.2                 0.332
  **Gender, n (%)**                                                        
  Male                        395 (67.1)      84 (71.2)                   0.382
  Female                      194 (32.9)      34 (28.8)                    
  **Ethnicity, n (%)**                                                     
  White                       179 (31.3)      69 (60.0)                   \< 0.001
  Non-white                   393 (68.7)      46 (40.0)                    
  **Social class, n (%)**                                                  
  A\*                         2 (0.4)         11 (9.8)                    \< 0.001
  B†                          8 (1.5)         30 (26.8)                    
  C ‡                         39 (7.1)        37 (33.0)                    
  D §                         163 (29.8)      24 (21.4)                    
  E //                        334 (61.2)      10 (9.0)                     
  **Level of Education**                                                   
  Never studied               161 (27.3)      6 (5.1)                     \< 0.001
  Elementary School           335 (57.0)      29 (24.5)                    
  High School                 78 (13.2)       31 (26.3)                    
  Higher Education            12 (2.0)        36 (30.5)                    
  Postgraduate studies        3 (0.5)         16 (13.6)                    
  **Marital status, n (%)**                                                
  Single                      91 (15.5)       4 (3.4)                     \< 0.001
  Married                     298 (50.6)      84 (71.2)                    
  Lives with a partner        92 (15.6)       4 (3.4)                      
  Divorced                    39 (6.6)        9 (7.6)                      
  Widower                     69 (11.7)       17 (14.4)                    

A: Above 20 minimum wages (\*); B: 10 to 20 minimum wages (†); C: 4 to 10 minimum wages (‡); D: 2 to 4 minimum wages (§); E: Up to 2 minimum wages (//).

Other expressive data regarding the differences between the patients attended by SUS and the private network are related to social class and educational level. Regarding social class, it can be observed that in the public service 61.2% of the patients had family income consistent with class E (gross family income of up to two minimum wages), while in the private network 33% of the patients were class C (gross family income from 4 to 10 minimum wages) (p \< 0.001). Regarding the level of education, 57% of public service patients studied until elementary school, while 30.5% of the patients attended by the private network studied until higher education level (p \< 0.001). It is worth mentioning that about 27% of the public service patients never studied ([Table 1](#t1){ref-type="table"}).

Cardiovascular risk factors
---------------------------

The cardiovascular risk evaluated for patients from SUS and from the private network admitted to the study were: systemic arterial hypertension, diabetes mellitus, dyslipidemia and smoking. In both services, hypertension was shown to be the most prevalent factor (39.2% vs 71.2%, p = 0.033), followed by dyslipidemia (33.6% vs 55.9%, p \< 0.001). Diabetes mellitus was third in prevalence in the private service (35.6%, p \< 0.001), while in the public service it was fourth (33.8%, p \< 0.001). Smoking was a factor of great disparity between the two care networks (34% vs 9.3%; p \< 0.001). Most patients presented the association of 2 risk factors in both services (35.1% vs 40.7%, p = 0.534) ([Table 2](#t2){ref-type="table"}).

###### 

Pathological background of STEMI patients attended at Sergipe State Hospitals with capacity to undergo primary angioplasty (SUS x Private care)

  Pathological background                  SUS (n = 589)   Private network (n = 118)   p value
  ---------------------------------------- --------------- --------------------------- ----------
  **Cardiovascular risk factors, n (%)**                                                
  Hypertension                             358 (39.2)      84 (71.2)                   0.033
  Diabetes                                 199 (33.8)      42 (35.6)                   0.705
  Dyslipidemia                             214 (36.3)      66 (55.9)                   \< 0.001
  Smoking                                  200 (34.0)      11 (9.3)                    \< 0.001
  **Number of risk factors, n (%)**                                                     
  0                                        75 (12.7)       14 (11.9)                   0.534
  1                                        191 (32.5)      31 (26.2)                    
  2                                        207 (35.1)      48 (40.7)                    
  ≥ 3                                      116 (19.7)      25 (21.2)                    
  **Previous coronary disease, n (%)**                                                  
  AMI                                      42 (7.1)        19 (16.1)                   0.002
  Angina pectoris                          94 (84.0)       22 (18.6)                   0.472
  Previous Angioplasty                     29 (4.9)        12 (10.2)                   0.026
  **Revascularization**                                                                 
  Previous                                 5 (0.8)         6 (5.1)                     0.001
  Family history of early CAD, n (%)       173 (29.4)      52 (44.1)                   0.002
  Stroke previous, n (%)                   41 (7.0)        7 (5.9)                     0.685
  Peripheral vascular disease, n (%)       31 (5.3)        18 (15.3)                   \< 0.001

AMI: acute myocardial infarction; CAD: coronary artery disease.

When the characteristics related to the pathological history of both groups were evaluated, a prevalence of factors related to the patients attended by the private service was observed, with them being a previous history of AMI (7.1% vs 16.1%, p = 0.002), and previous angioplasty (4.9% vs 10.2%; p = 0.026), and prior coronary artery bypass grafting (0.8% vs 5.1%, p \< 0.001). The prevalence of family history of previous coronary artery disease (29.4% vs 44.1%, p = 0.002) and peripheral vascular disease (5.3% vs 15.3%; p \< 0.001) ([Table 2](#t2){ref-type="table"}) are also observed for the patients of the private service.

Coronary reperfusion
--------------------

During STEMI, there was a significant disparity between the results obtained by all patients attended at SUS and all those who sought private care regarding the use of PA. For the former, the reperfusion rate was 45.3% while for the latter it was 79.7% (p \< 0.001). In both services, the use of conventional and pharmacological stents was analyzed, and in this aspect an important discrepancy was also observed, since there was a predominance of the use of bare metal stents in SUS (89.5%, p \< 0.001), and DES in the private network (82.4%, p \< 0.001) ([Table 3](#t3){ref-type="table"}).

###### 

Percutaneous coronary angioplasty and use of stents in STEMI patients attended in tertiary Hospitals in the State of Sergipe (SUS x Private network)

  Coronary angioplasty             SUS (n = 589)   Private network (n = 118)   p value
  -------------------------------- --------------- --------------------------- ----------
  Door-to-balloon time, min        121.2 ± 107.1   129.8 ± 90.2                0.48
  Primary Angioplasty, n (%)       267 (45.3)      94 (79.7)                   \< 0.001
  **Type of stent used, n (%)**                                                 
  Bare metal                       229 (89.5)      16 (17.6)                   \< 0.001
  Drug-eluting                     27 (10.5)       75 (82.4)                    
  Non-Primary Angioplasty, n (%)   193 (32.8)      21 (17.8)                   0.001
  **Type of stent used, n (%)**                                                 
  Bare metal                       166 (90.7)      3 (14.3)                    \< 0.001
  Drug-eluting                     17 (9.3)        18 (85.7)                    

Coronary reperfusion in diabetic patients
-----------------------------------------

In view of the recommendation of guidelines^[@r1],[@r3]^ for the use of DES in diabetics, with level of evidence A and indication class II, these patients were grouped in a special subgroup to assess if the recommendations for stent placement are being followed during coronary angioplasty. A total of 199 diabetic patients were seen in the public service; of these, 47.7% had access to PA and, in most interventions (91.3%), bare metal stents were used, while only 8.7% used DES (p \< 0.001). In the private service, 42 diabetics were attended; of these, 78.6% had access to primary PCI, with placement of drug-eluting stent in 90.6% of this subgroup of patients (p \< 0.001) ([Table 4](#t4){ref-type="table"}). The mean and standard deviation of the port-balloon time of diabetics seen at SUS versus the private system were 114 (± 91) and 133 (± 67), respectively (p = 0.26).

###### 

Percutaneous coronary angioplasty and use of stents in diabetic STEMI patients attended in tertiary Hospitals in the State of Sergipe (SUS x Private network)

  --------------------------------------------------------------------------------------
  Coronary angioplasty\            SUS (n = 199)   Private network (n = 42)   p value
  In diabetic patients                                                        
  -------------------------------- --------------- -------------------------- ----------
  Primary Angioplasty, n (%)       95 (47.7)       33 (78.6)                  \< 0.001

  **Type of stent used, n (%)**                                                

  Bare metal                       84 (91.3)       3 (9.4)                    \< 0.001

  Drug-eluting                     8 (8.7)         29 (90.6)                   

  Non-Primary Angioplasty, n (%)   63 (31.7)       10 (23.8)                  0.314

  **Type of stent used, n (%)**                                                

  Bare metal                       52 (88.1)       0 (0)                      \< 0.001

  Drug-eluting                     7 (11.9)        10 (100)                    
  --------------------------------------------------------------------------------------

Discussion
==========

A disparity between the public and private services regarding the performance of PA and the use of DES for patients with STEMI, especially for diabetics, is observed. It is also worth noting a remarkable overuse of bare metal stents with higher utility rates for the public service, which is in disagreement with the guidelines recommendations.^[@r1],[@r3]^

The value found for performing PA at the Unified Health System (SUS) was below the expected average in relation to procedures performed in the North-Northeast (52.5%), according to a study by Nicolau et al. in 2012.^[@r8]^ Primary PCI with the use of stents is considered the gold standard in the treatment of STEMI,^[@r1],[@r2]^ and these findings reflect the underuse of this therapy at SUS, which may directly contribute to these patients\' prognosis.

Although the proportion of patients undergoing PA is higher in the private network (79.7%, p \< 0.001), this result may still be suboptimal, since Sergipe is small in size, which should facilitate access to Primary Care. Therefore, there is a need to improve the quality of the service provided, with the training of multiprofessional teams for the rapid and adequate diagnosis of AMI both in the intra- and prehospital settings, so that access to reperfusion therapies for myocardial infarction is optimized.

It is also observed that 82.4% of the patients seen at the private network received DES in the PA, while in the public network only 10.5% (p \< 0.001) received them. This result in Sergipe at SUS is below the rate of use of DES in the public network throughout Brazil (14%) between the years 2004 and 2005, when these devices were not yet released for use in SUS, according to data of the CENIC Registry.^[@r9]^ The indication for use of DES follows specific criteria determined by the SBHCI, such as stenosis in the single remaining vessel, intra-stent restenosis, and diabetics with stenosis that can be treated with PA.^[@r3]^ The wide low use of DES in the public network, however, is justified by possible additional expenses inherent to the procedure. These devices have a much higher cost compared to bare metal ones, and require sustained dual antiplatelet therapy, which further increases their effective cost.^[@r10]^

On the other hand, the large use of these stents at the private network (in approximately 80% of the total analyzed) may suggest the lack of an adequate protocol of use instructions, extrapolating the classic and evidence-based indications. The high financial cost that this therapy entails is expressive; thus, the cost-effectiveness of DES is potentially questionable in such situations.^[@r11],[@r12]^

An American study conducted in 2007 by Beohar et al.^[@r12]^ showed that the use of DES in patients without formal indications that were not tested by clinical trials was related to more severe outcomes when compared to those patients who had a standard indication. Another more recent American study, conducted in 2017,^[@r13]^ argues that the superiority of DES should not automatically translate into the end of the use of bare metal stents, since the latter still have a potential advantage in specific situations because of the short-term need for antiplatelet aggregation. Patients who will undergo another surgical procedure, either cardiac or not, or those who have high risk of bleeding strongly benefit from the use of metal prostheses. Therefore, DES should not be indiscriminately and randomly used.^[@r13]^

Regarding the use of DES for diabetic patients, the results also revealed a disparity when the public and private networks were compared. During PA, the DES use rate in diabetics was 8.7% vs. 90.6%, p \< 0.001. It is worth mentioning that diabetes mellitus is one of the most common clinical conditions with increasing incidence. They represent a special group of patients facing coronary angioplasty, with large international randomized studies demonstrating high rates of late reintervention and restenosis during the use of conventional prostheses.^[@r14]-[@r16]^ Because in such cases the cost-effectiveness ratio makes the use of the technology economically viable, with less impact on the budget, it is known that DES are allowed for use at SUS in these situations.^[@r9]^ However, the data found in the present study also reveal a much lower use of this technology in the public service.

These findings point to the fact that even after the creation of national legislation, recommendations for drug-eluting stent use have not been followed in Sergipe. In this scenario, diabetics receiving bare metal stents would not have the benefit of reducing morbidity and mortality when compared with the use of DES, as demonstrated in international studies, such as DIABETES, SCORPIUS and ISARDESIRE.^[@r17]-[@r19]^

Thus, failure to follow the current recommendations triggers a warning signal for the need to monitor the adequate implementation of public health policies in Sergipe, as well as recommend the adoption of a system of governance in the use of stents according to criteria adopted by the guidelines in force.

The present study has some limitations. First, it is an observational study, in the form of a record. Therefore, there is a possibility that other aspects, other than those found in the analysis, may have influenced the choice of the stent, including logistic phenomena, such as occasional lack of a given material. Secondly, the low level of education, especially in the SUS group, impaired self-information regarding personal medical history, with a tendency to underestimate risk factors and comorbidities. Third, late follow-up of patients was not performed. As a consequence, it was not possible to evaluate whether the disparity in the indication resulted in a significant impact on the restenosis rate.

Conclusion
==========

The study reveals a disparity in the use of DES during coronary angioplasty among patients attended at SUS and at the private network, either in the total sample or in the subgroup of diabetic patients, since lower rates of DES use were observed at SUS in both populations. This fact shows failure to follow an adequate protocol in the use of DES and their classic indications, which increases treatment cost-effectiveness. In addition, the diabetics in the public network have been mostly receiving bare metal stents, even after legislation has been in place to regulate the use of DES in this special subgroup of patients. Therefore, it is necessary to monitor the proper implementation of health policies, and to reassess therapeutic strategies and their real cost-effectiveness.
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